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Objective: Acetabular rim trimming is indicated in pincer hips with an oversized lunate surface but could
result in a critically decreased size of the lunate surface in pincer hips with acetabular malorientation.
There is a lack of detailed three-dimensional anatomy of lunate surface in pincer hips. Therefore, we
questioned how does (1) size and (2) shape of the lunate surface differ among hips with different types of
pincer impingement?
Method: We retrospectively compared size and shape of the lunate surface between acetabular retro-
version (48 hips), deep acetabulum (34 hips), protrusio acetabuli (seven hips), normal acetabuli (30 hips),
and hip dysplasia (45 hips). Using magnetic resonance imaging (MRI) arthrography with radial slices we
measured size in percentage of the femoral head coverage and shape using the outer (inner) center-edge
angles and width of lunate surface.
Results: Hips with retroversion had a decreased size and deep hips had normal size of the lunate surface.
Both had a normal shape of the outer acetabular rim. Protrusio hips had an increased size and a
prominent outer acetabular rim. In all three types of pincer hips the acetabular fossa was increased.
Conclusion: Size and shape of the lunate surface differs substantially among different types of pincer
impingement. In contrast to hips with protrusio acetabuli, retroverted and deep hips do not have an
increased size of the lunate surface. Acetabular rim trimming in retroverted and deep hips should be
performed with caution. Based on our results, acetabular reorientation would theoretically be the
treatment of choice in retroverted hips.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Pincer type femoroacetabular impingement (FAI) is associated
with hip pain and osteoarthritis1,2. The underlying pathomechan-
ism is an early abutment of a too prominent acetabular rimwith the
femoral neck. The common surgical treatment of pincer hips is
trimming of the prominent acetabular rim. This implies the
assumption that the pincer problem is caused by an oversized: M. Tannast, Department of
, Murtenstrasse, 3010 Bern,
00.
.D. Steppacher), till.lerch@
K. Gharanizadeh), emanuel.
nnenhof.ch (S.F. Werlen),
sel.ch (M. Tannast), klaus.
ternational. Published by Elsevier Llunate surfacee although this has never been proven so far. There is
evidence in more recent literature that pincer problems can also be
caused by amalorientation of the acetabulum3,4,5 or even the entire
hemipelvis6. For these cases, acetabular reorientation was pro-
posed as corrective treatment7.
Theoretically, rim trimming would only be indicated if the
lunate surface is oversized. A reorientation procedure would be
correct in pincer hips with acetabular malorientation. The in-
dications for either treatment option are nowadays discussed
controversially7,8,9. Trimming of the acetabular rim in hips with a
retroverted socket could decrease the size of the lunate surface to a
critical level. This increases joint contact pressure and can be the
reason for early failure10.
The size and the shape of the lunate surface have been described
for normal and dysplastic hips only. Although of importance for
surgical decision-making, there is no information available on the
detailed anatomy of the lunate surface in hips with pincertd. All rights reserved.
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shape of the lunate surface differ among hips with different types of
pincer impingement compared to hips with a normal acetabulum
and dysplastic hips using magnetic resonance imaging (MRI)
arthrography of the hip?Material and methods
Description of study groups
We performed a retrospective comparative study including a
total of 164 selected, non-consecutive hips in 152 symptomatic
patients (Table I). They were recruited from the outpatient clinic of
the authors' institution. Inclusion criteria were the availability of a
standardized anteroposterior pelvic radiograph11 and a speciﬁcMRI
arthrography of the hip12. Exclusion criteria were previous surgery,
a history of pediatric hip disease, and osteoarthritis grade 2 ac-
cording to T€onnis13. We compared the anatomy of the lunate sur-
face among hips with pincer impingement (n ¼ 89) to a group of
hips with a normal acetabulum (n ¼ 30) and hip dysplasia (n ¼ 45).
Pincer hips were further divided into acetabular retroversion
(n ¼ 48), deep acetabuli (n ¼ 34), and protrusio acetabuli (n ¼ 7).
This resulted in a total of ﬁve study groups (Table I). The allocation
to each group was based on the following criteria on conventional
anteroposterior pelvic radiographs. Acetabular retroversion was
deﬁned by a simultaneous appearance of a positive crossover14,
posterior wall14, and ischial spine sign4 [Fig. 1]. Deep acetabulum
was deﬁned by a lateral center-edge angle exceeding 3815 in a
mainly anteverted acetabulum. The acetabulum was deﬁned as
anteverted if no more than two of the previously deﬁned radio-
graphic signs for acetabular retroversion were positive [Fig. 1].
Protrusio acetabuli was present if the femoral head touches or
crosses the ilioischial line [Fig. 1]. The normal acetabulum group
consisted of patients with an isolated cam-type impingement and a
normal appearing acetabulum [Fig. 1]. A normal acetabulum was
deﬁned if the lateral center-edge angle, acetabular index (AI),
extrusion index, total femoral coverage, and anterior and posterior
femoral coverage were within a previously deﬁned normal range16
(Table I). All patients in the normal acetabulum group underwentTable I
Demographic and radiographic data of the ﬁve study groups
Parameter Retroversion Deep
Patients (hips) 44 (48) 32 (34)
Age at MR acquisition (years) 25 ± 7 (17e50) 36 ± 10 (17e52)*
Gender (% male hips) 54 38
Side (% right hips) 66 41
Height (cm) 171 ± 11 (140e203) 173 ± 9 (155e192)
Weight (kg) 73 ± 16 (40e108) 69 ± 13 (51e105)
BMI (kg/m2) 25 ± 5 (17e40) 23 ± 4 (18e31)
Surgical treatment (%)
Surgical hip dislocation 48* 85*
PAO 35* 0
LCE angle32 () 36 ± 8 (20e48)* 43 ± 4 (39e54)*
Acetabular index15 () 1 ± 7 (15e20)* 0 ± 4 (7e8)*
Extrusion index17 (%) 16 ± 6 (5e33)* 9 ± 3 (3e16)*
Total femoral coverage (%) 80 ± 10 (51e95) 92 ± 6 (79e100)*
Anterior coverage (%) 36 ± 10 (12e59)* 33 ± 9 (16e60)*
Posterior coverage (%) 32 ± 8 (13e47)* 55 ± 9 (42e79)*
Crossover sign14 (% positive) 100* 26
Retroversion index11 (%)y 51 ± 12 (23e74)* 19 ± 6 (10e26)
Posterior wall sign14 (% positive) 100* 9
Ischial spine sign4 (% positive) 100* 24
Protrusio sign (% positive) 0 0
Values of continuous parameters are expressed as mean ± standard deviation with rang
* Signiﬁcant difference compared to the normal acetabulum group.
y For hips with positive crossover sign only.surgical hip dislocation with offset correction and showed no
persistent impingement originating from the acetabular side
(Table I). Acetabular dysplasia was deﬁned by a lateral center-edge
angle of less than 2517 and a minimal AI of 1415 [Fig. 1]. The study
was approved by the local institutional review board.Imaging technique
Anteroposterior pelvic radiographs were performed in a stan-
dardized manner11. The patient was placed in supine position with
internally rotated legs to compensate for femoral antetorsion. The
ﬁlm-focus distance was 1.2 m and the central beamwas directed to
the midpoint between the symphysis and a line connecting the
anterosuperior iliac spines11. One observer (TDL) assessed ten
radiographic parameters (Table I) to describe the acetabular and
femoral head morphology on anteroposterior pelvic radiographs
using previously developed and validated software, Hip2Norm
(University of Bern, Switzerland18,19).
The MRI arthrography was obtained according to a standardized
protocol described earlier12. In brief, the scans were performed
using a Siemens Vision 1.5-T high ﬁeld scanner (Erlangen, Ger-
many) with a ﬂexible surface coil after ﬂuoroscopic-guided intra-
articular injection of saline-diluted gadolinium-DTPA (Dotarem
1:200, Guerbert AG, Paris, France). After obtaining transversal,
sagittal, and coronal proton-density-weighted and T1-weighted
sequences to assess the entire joint, a radial proton-density-
weighted sequence was used in which all slices were oriented
orthogonal to the femoral neck and head. These slices were based
on a sagittal oblique localizer, which was marked on the proton-
density-weighted coronal sequence, running parallel to the
sagittal oblique course of the femoral neck. The slices were deﬁned
individually for every patient resulting in 14 radial slices. Of the 14
slices every second slice was chosen, providing seven radial slices
with 14 positions for measuring [Fig. 2]. Position 8 was deﬁned as
the acetabular notch and position 1 as the opposite position.
Anterior was deﬁned as position 4 and 5 for both right and left hips.
The subsequent slices were acquired rotating clockwise and
counterclockwise around the femoral head neck axis for right and
left hips, respectively.Protrusio Normal acetabulum Dysplasia P-value
5 (7) 26 (30) 45 (45) e
29 ± 11 (17e44) 29 ± 10 (18e58) 35 ± 10 (17e50) <0.001
0* 57 27* 0.004
43 67 47 0.072
164 ± 5 (160e170) 171 ± 8 (159e185) 169 ± 9 (151 e188) 0.173
73 ± 18 (50e93) 73 ± 13 (45e101) 71 ± 20 (48e168) 0.837
27 ± 6 (20e32) 24 ± 4 (20e37) 25 ± 7 (18e65) 0.348
86* 100 0* <0.001
0 0 78* <0.001
43 ± 7 (32e52)* 27 ± 3 (23e33) 13 ± 9 (-16 e 22)* <0.001
1 ± 3 (6e2)* 7 ± 3 (3e13) 21 ± 6 (14e38)* <0.001
9 ± 6 (1e18)* 23 ± 3 (17e27) 34 ± 7 (23e57)* <0.001
94 ± 6 (84e100)* 75 ± 5 (70e83) 62 ± 11 (32e78)* <0.001
35 ± 5 (25e41)* 20 ± 3 (15e25) 13 ± 6 (0e27)* <0.001
66 ± 5 (59e74)* 41 ± 4 (36e47) 39 ± 10 (20e60) <0.001
0 13 42* <0.001
e 9 ± 5 (6e15) 20 ± 11 (7e47) <0.001
0 20 67* <0.001
14 23 20 <0.001
100 0 0 <0.001
e in parenthesis.
Fig. 1. (A) Retroversion was deﬁned by a combination of a positive crossover sign14 (crossing of the anterior and posterior acetabular rim; asterisk), a positive posterior wall sign14
(positive if the posterior wall runs medially to the center of the femoral head; red arrow), and a positive ischial spine sign4 (positive if the anterior superior spine protrudes into the
true pelvis; black arrow). (B) A deep acetabulum was deﬁned as a lateral center-edge angle (LCE) exceeding 3815. (C) A positive protrusio sign was deﬁned by a femoral head
touching or crossing the ilioischial line (red dotted line). (D) The normal acetabulum group included hips with a normal appearing acetabulum. (E) Dysplasia was deﬁned as an LCE
angle less than 2517 and a minimal AI of 1415.
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Three-dimensional morphology of the lunate surface was
assessed using commercially available software Osirix (Version 5.6,
Geneva, Switzerland20). On each arthro-MRI slice, the best-ﬁtting
circle for the cross section of the lunate surface was deﬁned and
the radius was recorded. Next, the center-edge angles for the lunate
surface were constructed [Fig. 2]. An outer (inner) center-edge
angle was then deﬁned by the femoral neck axis and a line
through the center of the femoral head and the outer (inner) edgeFig. 2. (A) To assess the three-dimensional morphology of the lunate surface an MRI arthrog
axis and 14 positions of measuring. Position 8 was deﬁned as the acetabular notch and positio
left hips. The subsequent slices were acquired rotating clockwise and counterclockwise aro
lunate surface was assessed at each position with outer (a) and inner (b) center-edge angles.
the femoral head (C) and the outer (O) and inner (I) edge of the lunate surface, respectively. Tof the lunate surface [Fig. 2]. In order to determine the reliability
and reproducibility, the center-edge angle was calculated on 35
randomly chosen and blinded MRI slices by two observers (SDS,
TDL) on two separate occasions. A good reliability (intraclass cor-
relation coefﬁcient [ICC] with 95%-conﬁdence interval of 0.98
[0.97e0.99]) and reproducibility (ICC 0.99 [0.99e1.00] for both
observers) was found for the center-edge angle.
Speciﬁc software was developed to compute and visualize the
three-dimensional morphology of the lunate surface. This software
was based on the MARVIN framework21 which is an establishedraphy of the hip was performed with seven radial slices perpendicular to the head neck
n 1 as the opposite position. Anterior was deﬁned as position 4 and 5 for both right and
und the femoral head neck axis for right and left hips, respectively. (B) The size of the
These angles were deﬁned by the femoral neck axis (a) and a line through the center of
he arc (g) was calculated as the difference between outer and inner center-edge angles.
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with three-dimensional visualization. Input data included the
radius of the best-ﬁtting acetabular circle and the outer and inner
center-edge angles. The software generated a triangular mesh on a
sphere representing the lunate surface.Outcome parameters
Two outcome parameters were assessed: size and shape of the
lunate surface.
The size of the lunate surface was calculated as the sum of all
triangular surfaces of the triangular mesh for each hip. The size was
calculated in absolute and relative values. The absolute size of the
lunate surface was calculated in mm2, and the relative size as the
ratio of the lunate surface relative to the entire acetabular sphere in
percent. Values were calculated for men and women separately.
The shape of the lunate surface was quantiﬁed by the outer and
inner center-edge angle in each radial cut [Fig. 3]. The outer center
edge angle gives information on the prominences and depressions
of the acetabular rim. The inner center-edge angle describes the
shape of the acetabular fossa. In addition, the arc between the outer
and inner center-edge angle was calculated as a measure of the
width of the lunate surface [Fig. 3].Statistical analysis
Normal distribution was determined using the Kolmogor-
oveSmirnov test. Differences among the ﬁve study groups for de-
mographic data, radiographic data, size and shape of the lunate
surface were determined using the analysis of variance (ANOVA)
for continuous data and the chi-square test for binominal data. If
differences existed, pair-wise comparison was performed using the
independent two-sample Welch's test for continuous data and the
Fisher's exact test for binominal data. To correct for multiple
comparisons within the outcomes the Bonferroni adjustment wasFig. 3. The three-dimensional shape of the lunate surface was quantiﬁed with the
outer and inner center-edge angles. The outer (inner) center-edge angle (a and b,
respectively) was constructed by the femoral neck axis (a) and a line through the
center of the acetabular sphere (C) and the radial position on the outer (inner) edge of
the lunate surface. The arc (g) was the difference between outer and inner center-edge
angle and a measure for the width of the lunate surface. Positions 7 and 8 represent
the acetabular notch.applied. This is a conservative method to minimize false positive
results, however, some true positive results might have been
missed. Gender dependent differences for absolute and relative size
of the lunate surface were determined using the independent two-
sample Welch's test. Signiﬁcance was set at P  0.05. Statistical
analysis was performed using WinStat® (Version 2012.1, R. Fitch
Software, Bad Krozingen, Germany).
Results
Size of lunate surface
The absolute size of the lunate surface differed signiﬁcantly
among the ﬁve study groups (P < 0.001; Table II). Among the
groups, dysplastic hips had a decreased absolute size compared to
all other subgroups (for P-values see Table III). Male hips consis-
tently showed an increased absolute size compared to female in all
study groups (P < 0.001 for all; Table II).
The relative size of the lunate surface differed signiﬁcantly
among the ﬁve study groups (P < 0.001; Table III). Relative to the
normal acetabulum group, protrusio hips had an increased relative
size (P¼ 0.005; Table II; Fig. 4) while therewas no difference for the
deep group (P ¼ 0.685). Hips with retroversion and dysplastic hips
had a decreased relative size of the lunate surface (P < 0.001 for
both). No gender-dependent differences were detected for the
relative sizes for any of the groups.
Shape of lunate surface
The outer center-edge angles in the retroversion and deep group
did not signiﬁcantly differ compared to the normal acetabulum
group except for position 10 in the deep group (see online
Supplementary Material). In the protrusio group the outer center-
edge angle was signiﬁcantly increased at position 6 and from po-
sition 10 to 13 (see online Supplementary Material). In the
dysplasia group the outer center-edge angle was decreased
compared to the normal acetabulum group at all positions (see
online Supplementary Material and Fig. 5). Three consistent
prominences of the outer acetabular rim were found ante-
rosuperiorly (position 2/3), anteroinferiorly (position 6), and post-
eroinferiorly (position 9) in all groups [Fig. 5].
The inner center-edge angle was consistently increased for all
four study groups compared to the normal acetabulum group in the
anterosuperior quadrant area (positions 1 and 2), and poster-
osuperiorly (positions 11 to 13; see online Supplementary Material
and Fig. 5).
The arc was signiﬁcantly decreased in the retroversion and deep
groups anterosuperiorly and posteriorly compared to the normal
acetabulum group (see online Supplementary Material and Fig. 5).
In the protrusio group the arc did not differ signiﬁcantly except on
position 6 (see online Supplementary Material). In the dysplasia
group the arcwas decreased in all but positions 9 and 10 (see online
Supplementary Material).
Discussion
The aim of this study was to quantify the size and the shape of
the lunate surface for three distinguished pincer-type patho-
morphologies in comparison to hips with a normal acetabulum
and dysplastic hips. Most importantly, we found that hips with
acetabular retroversion have a decreased relative size of the
lunate surface, an increased size of the acetabular fossa, and a
normal shape of the outer acetabular rim [Fig. 5]. We did not ﬁnd
a focal prominence of the lunate surface in the anterosuperior
acetabular quadrant. Deep hips do not have an increased relative
Table II
Absolute and relative size of the lunate surface of the ﬁve study groups
Parameter Retroversion Deep Protrusio Normal acetabulum Dysplasia P-value
Absolute size (mm2) Total 2,230 ± 507
(1,454e3,610)
2,496 ± 474
(1,743e3,610)
2,672 ± 530
(2,081e3,391)
2,354 ± 239
(1,993e3,057)
1,978 ± 380
(1,328e2,658)*
<0.001
Female 1,936 ± 289
(1,454e2,578)
2,285 ± 407
(1,743e3,610)
2,672 ± 530
(2,081e3,391)*
2,186 ± 118
(1,993e2,460)
1,870 ± 357
(1,328e2,624)*
<0.001
Male 2,459 ± 526y
(1,502e3,610)
2,836 ± 371y
(2,198e3,563)
e 2,482 ± 230y
(2,084e3,057)
2,275 ± 276y
(1,865e2,658)
0.007
Relative size (%) Total 27 ± 4 (16e38)* 31 ± 3 (23e37) 41 ± 7 (34e54)* 30 ± 2 (27e36) 23 ± 3 (17e33)* <0.001
Female 26 ± 4 (22e38)* 31 ± 4 (23e37) 41 ± 7 (34e54)* 30 ± 1 (28e32) 23 ± 4 (17e33)* <0.001
Male 28 ± 4 (16e35) 30 ± 3 (26e36) e 30 ± 3 (27e36) 22 ± 2 (18e25)* <0.001
Values are expressed as mean ± standard deviation with range in parenthesis.
* Signiﬁcant difference compared to normal acetabulum group.
y Signiﬁcant difference compared to female.
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shape of the outer acetabular rim but have an increased size of
the acetabular fossa. Protrusio hips have an increased relative
size of the lunate surface. This is the result of a largely prominent
outer acetabular rim despite an oversized acetabular fossa
[Fig. 5].
This study has limitations. First, we were unable to quantify the
orientation of the acetabulum with respect to the pelvic anatomy.
Next to size and shape of the lunate surface, its spatial orientation
determines femoral head coverage and is a relevant parameter for
decision making of surgical therapy (acetabular rim trimming vs
acetabular reorientation). Standard pelvic landmarks (such as the
anterior superior iliac spine and the symphysis22) to deﬁne the
pelvic coordinate system and describe the spatial acetabular
orientation were not covered by the ﬁeld of view in our MRI pro-
tocol. Second, the radial MRI slices were based on the femoral neck
axis. The orientation of the neck axis can differ depending on the
morphology of the proximal femur (including varus/valgus and
torsional variations). As a result, the neck axis does not necessarily
match the center of the acetabular fossa, which can potentially
inﬂuence measurement of shape. We therefore realigned each
lunate surface based on the best ﬁtting circle of the acetabular rim
for a reliable comparison of the shape. Third, we had a low number
of hips with protrusio. Protrusio is a very rare hip morphology and
the seven hips in our study represent the total number available
with a complete dataset.
Our results for size of the lunate surface in hips with a normal
acetabulum and dysplastic hips match well with the literature andTable III
Signiﬁcance for pair-wise comparison of the ﬁve study groups for absolute (gray backgro
Study groups
Retroversion Deep
Total Retroversion e <0.00
Deep 0.022 e
Protrusio 0.037 0.33
Normal acetabulum 0.151 0.14
Dysplasia 0.004* <0.00
Female Retroversion e <0.00
Deep 0.002* e
Protrusio 0.009* 0.02
Normal acetabulum 0.001 0.34
Dysplasia 0.480 <0.00
Male Retroversion e 0.05
Deep 0.014 e
Normal acetabulum 0.842 0.00
Dysplasia 0.162 <0.00
* Signiﬁcant difference according to the ANOVA with Bonferroni correction for pair-wunderline the validity of our data. Based on cadaver studies23, the
absolute sizes in normal hips ranged from 2,170 to 2,510 mm2 and
are similar to the results of our normal acetabulum group (Table II).
Based on MRI measurements, a mean size of 1936 mm2 for normal
volunteers was reported24. This is less than what we found for the
normal acetabulum group and comparable to our results for
dysplastic hips (Table II). A CT-based study reported a 26% decrease
in size of the lunate surface for dysplastic hips compared to normal
hips25. We found a comparable reduction of 16% in our study.
Additionally, our results for the shape of the lunate surface for the
normal acetabulum group compare well to the literature. This in-
cludes the three prominences of the outer rim5,26, the maximal arc
in the anterosuperior quadrant5,27,28, and the decreased width of
the anterior vs posterior horn27,28 for hips with a normal acetabu-
lum [Fig. 5]. There are no results available in literature for hips with
pincer-type deformity.
This study has several important clinical implications. The shape
of the outer acetabular rim in a retroverted hip is normal but the
overall size is reduced [Fig. 5]. According to our data acetabular
retroversion can not be explained by an anterosuperior acetabular
rim prominence or a posterior rim hypoplasia as suggested previ-
ously29. In accordance with other studies3,4,5, acetabular retrover-
sion is therefore mainly due to malorientation of the
acetabulum3,4,5 or even hemipelvis6. Acetabular rim trimming
inevitably reduces the size of the lunate surface. Rim trimming in
hips with acetabular retroversion would further decrease the
already decreased size of the lunate surface with the risk of
reaching a critical size of the lunate surface comparable tound) and relative size (white background) of the lunate surface
Protrusio Normal acetabulum Dysplasia
1* 0.001* <0.001* <0.001*
0.005* 0.685 <0.001*
5 e 0.005* <0.001*
8 0.168 e <0.001*
1* <0.001* <0.001* e
1* <0.001* <0.001* 0.006*
0.005* 0.681 <0.001*
7 e 0.005* <0.001*
0 0.005* e <0.001*
1* <0.001* <0.001* e
4 e 0.047 <0.001*
e 0.856 <0.001*
7 e e <0.001*
1* e 0.037 e
ise comparison.
Fig. 4. Relative size of the lunate surface for the ﬁve study groups.
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option for hips with acetabular retroversion which would not
further decrease the size of the lunate surface.
A deep hip has a similar proﬁle of the outer acetabular rim
compared to the normal acetabulum group ande surprisinglye no
increased relative size of the lunate surface [Figs. 4 and 5]. The only
signiﬁcant difference regarding shape was the increased size of the
acetabular fossa. Similar to acetabular retroversion, the over-
coverage in deep hips presumably is due to a malorientation of the
socket in the coronal plane. This statement is supported by the
reduced AI on conventional radiographs (Table I). Similar to retro-
verted hips, acetabular rim trimming could be disadvantageous in
deep hips because it could reduce the weight bearing area to a
critical size comparable to dysplastic hips [Fig. 4]. However, we
observed a large variation of the relative size of the lunate surfaceFig. 5. Average shape of the lunate surface of the four hip pathologies. For comparison each
(A) Dysplastic hips have a clearly decreased size of the lunate surface, a decreased outer
decreased size of the lunate surface, a normal shape of the outer rim, and an increased acetab
of the outer acetabular rim does not signiﬁcantly differ compared to the normal acetabulum
increased size of the lunate surface, a clearly increased outer acetabular rim, and an inc
consistent prominences of the outer acetabular rim were found anterosuperiorly, anteroinfin deep hips. Therefore, the decision-making process for surgical
therapy (rim trimming vs acetabular reorientation) in these hips
has to be made on an individual basis. This includes the evaluation
of size of the lunate surface and the acetabular orientation (in
particular the center-edge angles). Trimming of the rim can be
justiﬁed in cases with a large lunate surface and lateral center-edge
angle. In accordance to our clinical experience, excessive trimming
of the acetabulum in these cases can lead to impaired hip function
and early osteoarthritis10.
Protrusio hips have a distinguished acetabular shape that differs
from the other evaluated morphologies [Fig. 5]. It is characterized
by an excessive size of the lunate surface, which is the result of a
largely prominent outer acetabular rim despite an oversized
acetabular fossa. This can lead to a pincer-type impingement
laterally and a static overload of the joint medially (similar to a
‘medial dysplasia’30). The increased size of the weight bearing area
would justify acetabular rim trimming. However, this can aggravate
the overload in the medial aspect of the acetabular sourcil30. As an
alternative, acetabular reorientation with rotation around the
sagittal axis would both address the lateral over- and the medial
undercoverage31. However, this will ultimately result in more
prominent anterior and posterior horns predisposing to impinge-
ment. Based on our results, the corrective surgical treatment in
protrusio hips would therefore consist of a reversed periacetabular
osteotomy7 together with an acetabular rim trimming. There is
only little clinical evidence31 for this type of extensive surgical
treatment for this rare hip morphology.
Detailed three-dimensional information about size and shape of
the lunate surface is essential for the decision making for surgical
therapy in hips with pincer impingement. The current study shows
that size and shape of the lunate surface differs substantially among
hips with different type of pincer impingement. These differences
have direct implications on the choice of the most appropriate
surgical treatment option and amount of surgical correction.
Acetabular orientation, femoral morphology, and the clinical ex-
amination have not been evaluated in the current study but are
additional key parameters for surgical planning.shape is merged with the lunate surface of the normal acetabulum group (gray shape).
acetabular rim, and an increased acetabular fossa. (B) Hips with retroversion have a
ular fossa. (C) Deep hips do not have an increased size of the lunate surface. Their shape
group. The size of the acetabular fossa is increased. (D) Hips with protrusio have an
reased acetabular fossa. In all study groups and the normal acetabulum group three
eriorly, and posteroinferiorly.
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